Genetic recombination has frequently been observed in coronaviruses. Here, we sequenced 36 multiple complete genomes of dromedary camel coronavirus HKU23 (DcCoV-HKU23) from 37 Nigeria, Morocco and Ethiopia and identified several genomic positions indicative of cross 38 species virus recombination events among other Betacoronaviruses of the subgenus 39 Embecovirus (clade A β-CoVs). Recombinant fragments of a rabbit coronavirus (RbCoV-40 HKU14) were identified at the hemagglutinin esterase gene position. Homolog fragments of a 41 rodent CoV were also observed at the 8.9 kDa open reading frame 4a at the 3' end of the 42 spike gene. The patterns of recombination varied geographically across the African region, 43 highlighting a mosaic structure of DcCoV-HKU23 genomes circulating in dromedaries. Our 44 results highlighted active recombination of coronaviruses circulating in dromedaries and is 45 also relevant to the emergence and evolution of other Betacoronaviruses including MERS-46 coronavirus (MERS-CoV).
different regions of the genome were used to generate cDNA, which were subsequently 139 amplified by PCR with primers designed to generate overlapping amplicons that can cover 140 the whole genome. The primer sequences are available upon request. PCR amplicons from 141 each sample were pooled for next generation sequencing and processed with Nextera XT 142 library preparation kit following the protocol provided by the manufacturer. Sequencing was 143 performed using the Illumina MiSeq instrument with read length of paired ends of approx. 144 300bp. Raw sequence reads generated were mapped to a reference DcCoV-HKU23 genome 145 (KF906250.1) using BWA (23). Sequence of the target virus was generated by taking the 146 majority consensus of the mapped reads with sequencing coverage at each position of higher 147 than 100 times. Genomic and Phylogenetic analysis. 150 Opening reading frames (ORFs) of the virus genome encoding for proteins were predicted 151 using ORFfinder (NIH, USA) . Full genome of DcCoV-HKU23 with previous sequences from 152 Saudi Arabia, Bovine CoV and human CoV OC43 were aligned using MAFFT. Gaps and 153 poorly aligned regions in the alignment were manually edited. Pairwise genetic distances 154 were calculated using MEGA 7 (24). Phylogenetic analysis of DcCoV-HKU23 was 155 performed by maximum likelihood method using IQ-Tree, version 1. 6.8 (25) . 156 Recombination analysis was performed using Simplot version 3.5.1 (26). Bootscan analysis 7 sequence. A sliding window of 600 nucleotides and a step of 100 nucleotide was used as the 161 scanning setting. 162 163 Microneutralization assays. 164 Heat-inactivated (56⁰C for 30 minutes) camel sera were first diluted 1:10, then serially two-165 fold diluted and mixed with equal volumes of virus at a dose of 200 50% tissue culture 166 infective doses (TCID 50 ) of DcCoV-HKU23 isolate 368F (27) . After 1h of incubation at 37⁰C, 167 35 µL of the virus-serum mixture was added in quadruplicate to HRT-18G cell monolayers 168 in 96-well microtiter plates. After 1 h of adsorption, the virus-serum mixture was removed 169 and replaced with 150 µL of virus growth medium to each well. The plates were incubated 170 for 5 days at 37 ⁰C in 5% CO2 in a humidified incubator. Cytopathic effect was observed at 171 day 5 post-inoculation. The highest serum dilution protecting ≥50% of the replicate wells was 172 denoted the neutralizing antibody titer. A virus back titration of the input virus was included 173 in each batch of tests. young camels (n=136) had 1 positive swab while adults (n=314) had 5 positive swabs, which was also without significant difference (Fisher's exact test, P=0.673). Swab specimens were 191 collected during the months October -April with virus detection in most months (Table 2) .
192
To study the seroprevalence of Dc-CoV-HKU23 in African camels, dromedary sera were also 193 collected from a subset of camels during the same sampling occasions and were tested by 194 micro-neutralization assay. A high seroprevalence was detected in dromedary camels in all 195 three countries, with a seroprevalence of 92% of 150 sera in Nigeria, 91% of 100 sera in 196 Ethiopia and 79% of 100 sera in Morocco respectively ( The genetic diversity of DcCoV-HKU23 across Africa and the Middle East was studied 220 based on the ORF1ab gene by a distance plot using SSE version 1.3 (28) ( Figure 2 ). As recombination has previously been shown to increase progressively from the 5' to the 3' end 
248
The analysis of the spike gene showed that the 8 African and Saudi DcCoV-HKU23 were 249 clustered together and grouped into a clade distinct from BCoV, which we designated as Combining the clade classification of these three gene regions, there were 3 circulating 266 genotypes of DcCoV-HKU23, viz C2/C2/C2; C2/C Outlier /C2 and C2/C Outlier /C3 (Table 5) 
344
Differences in DcCoV-HKU23 seroprevalence may be attributed to the variations in the 345 husbandry practices, co-habitant animal hosts or climatic factors between these countries.
346
Similar seroprevalence were observed in camels in abattoirs and farms, suggesting virus 347 circulation has already been established at the farm or herd levels and did not solely reflect 
471
In conclusion, the study showed a mosaic structure of DcCoV-HKU23 that is likely to be Sequence distance plot were generated using SSE version 1.3 using a sliding window of 250 and a step size of 25 nucleotides. Sequences were obtained from Genbank database and closely related sequences with a pairwise distance < 0.001 were excluded in the analysis. A total of 10 DcCoV-HKU23 sequences, 28 BCoV sequences and 88 MERS-CoV sequences were included in the analysis.
on September 23, 2019 at ECCLES HEALTH SCIENCES http://jvi.asm.org/ Downloaded from 28 Figure 3 . Phylogenetic analysis of a) RdRp, b) spike and c) nucleocapsid gene of DcCoV-HKU23 from Nigeria (colored blue), Morocco (colored red) and Ethiopia (colored green). Reference DcCoV-HKU23 sequences from Saudi Arabia were colored brown. Alignment of each gene is manually trimmed to obtain an alignment of 2769nt for RdRp, 4137nt for spike and 1347nt for nucleocapsid gene respectively. Tree was constructed by maximum likelihood method using IQ-Tree with the best-fit model automatically selected by ModelFinder. Nodes indicated bootstrap values calculated using ultrafast bootstrap with 1000 replicates. Trees were mid-point rooted. 
